The ProSeal laryngeal mask airway (Intavent Ortho®x, Maidenhead, UK) was described by Brain in 2001. The airway tube is wire-reinforced, like a¯exible laryngeal mask airway. There is an additional drain tube placed laterally to the airway tube (Fig. 1) . The drain tube passes through the mask part of the device and exits at the distal tip of the laryngeal cuff. This drain tube is designed to allow insertion of a gastric tube and to vent gas or liquid from the upper oesophagus. Venting of gas from the drain tube during assisted ventilation at normal pressures should indicate misplacement of the device. The laryngeal cuff of the ProSeal is made of softer silicone than that of the classic laryngeal mask airway and covers the posterior aspect of the bowl of the mask. When in¯ated, this cuff presses the bowl of the device forwards and is designed to improve the seal with the larynx. The bowl of the ProSeal is deeper than that of the classic laryngeal mask airway and it does not have aperture bars. The increased depth of the bowl is also designed to improve the seal with the larynx. The device has an integral bite block. The ProSeal may be inserted with a ®nger, like the classic laryngeal mask airway, or with an insertion tool (Fig. 2 ). This tool seats in a locating strap at the anterior base of the laryngeal cuff and increases the rigidity of the device. With the introducer tool, the insertion technique is as for the intubating laryngeal mask airway and does not require a ®nger to be placed in the mouth. The technique using the introducer is recommended by the manufacturer. 2 We assessed the ProSeal laryngeal mask airway and compared it with the classic laryngeal mask airway. We measured the seal with the larynx compared with the classic laryngeal mask airway for positive pressure ventilation and assessed the performance of the drain tube.
Method
We obtained the approval of the multicentre regional ethics committees. Informed written consent was obtained from all patients. Patients were studied with both a ProSeal and a classic laryngeal mask airway. The order in which these were used was randomized by the use of opaque sealed envelopes.
Premedication with oral temazepam 10±20 mg was used when indicated. Anaesthesia was induced with propofol and fentanyl 1±2 mg kg ±1 and maintained with either propofol infusion or a volatile anaesthetic in nitrous oxide and oxygen. Standard anaesthetic monitoring was used. The size of device to be used was decided by the individual investigator. Both devices were de¯ated fully before insertion. The ProSeal was inserted with either the ProSeal introducer tool or the index ®nger, as described in the manufacturer's product literature. The classic laryngeal mask was inserted with the standard technique [3] . A maximum of three attempts were allowed with each device. After insertion, the cuff was in¯ated with air to a pressure of 60 cm H 2 O. A blob of lubrication gel was placed over the proximal opening of the ProSeal drain tube. Positive pressure ventilation was started at a tidal volume of 8 ml kg ±1 . Adequacy of ventilation was assessed by chest movement, the capnograph signal and the presence or absence of an audible leak. With the ProSeal, the drain tube was also observed for displacement of the gel. Seal pressure was measured by stopping ventilation, occluding the spill valve with a fresh¯ow rate of 5 litre min ±1 until airway pressure reached a steady value (seal pressure). The airway pressure was not allowed to exceed 40 cm H 2 O. Seal pressure was observed and recorded by someone other than the investigator, to reduce observer bias. After measurement of seal pressure, intermittent positive pressure ventilation was restarted. The airway tube and drain tube were examined with a¯exible ®breoptic scope. The view from the bulb of either device was graded in a standardized manner (Table 1) . A single attempt was made to pass a gastric tube through the drain tube of the ProSeal. Placement of the gastric tube in the stomach was con®rmed by aspiration of gastric contents or by auscultation over the stomach as air was syringed into the tube. The cuff was then de¯ated and the volume of air recorded. This completed the evaluation of the ®rst device used, and it was removed. The same procedure was then followed for the other device. The second device was then used for the duration of the surgical procedure. At the end of the surgical procedure, anaesthesia was discontinued and the device was removed as the patient's re¯exes returned, in accordance with the manufacturer's recommendations. 2 3 A checklist of complications relating to insertion, maintenance and removal was completed after use of each device.
Power analysis before the study suggested a sample size of 600 patients might be needed to detect a 3% difference in satisfactory ventilation with 80% power and a signi®cance level of 0.05 (modi®ed Lehr equation). Interim analysis of results was performed after each 100 patients and the study was stopped when these results showed clinically and statistically signi®cant differences between the groups. Results were analysed using the statistical package Analyse-it and Microsoft Excel 97. Non-parametric tests were used where normal distribution was not clearly demonstrated. A P value of`0.05 was taken to denote statistical signi®cance.
Results
One hundred and eighty patients were studied. Patient details are presented in Table 2 and full results are presented in Table 3 . The ProSeal was used ®rst on 92 and the classic laryngeal mask airway on 88 occasions. The ProSeal and classic laryngeal mask airway used were the same size for all patients except on one occasion. ProSeal insertion was with the introducer tool in 120 cases and without it in 60 cases. Insertion at the ®rst attempt was less frequent with the ProSeal than with the classic laryngeal mask airway (P<0.05). The time required for insertion was longer with the ProSeal than for the classic laryngeal mask airway (P<0.0001). The time difference was 5 s (95% con®dence interval 4±7). To achieve a cuff pressure of 60 cm H 2 O, the ProSeal required signi®cantly more air than the classic laryngeal mask airway. Size 4 masks required an extra 6 ml ProSeal versus classic laryngeal mask airway (95% con®dence interval 5±9) and size 5 masks an extra 12 ml (8±15). Airway maintenance was possible in all cases with the classic laryngeal mask airway and in all cases except two with the ProSeal. Positive pressure ventilation was entirely successful (satisfactory chest movement and capnography with no audible gas leak) in more patients using the ProSeal than with the classic laryngeal mask airway (P<0.0001). Seal pressure for the ProSeal was higher than for the classic laryngeal mask airway. The difference between the median seal pressures was 12 cm H 2 O (95% con®dence interval 11±13). Gel placed on the end of the ProSeal drain tube was displaced during ventilation in 23 (13%) cases. In 12 of these cases, ventilation was otherwise assessed as entirely successful. Fibreoptic examination showed optimal positioning of the ProSeal in 125 (70%) and of the classic laryngeal mask airway in 131 cases (74%). Table 4 lists the grading of laryngeal view from the end of the ventilation tube. The differences in view achieved were not statistically signi®cant. Fibreoptic examination in the patients in whom gel was displaced from the drain tube revealed a grade 1 view in 15 (65%) cases. Fibreoptic examination via the ProSeal drain tube was performed in 172 cases. This showed mucosa but no laryngeal structures in 170 (99%) cases. The oesophagus was seen to be patent in a few cases only. Gastric tube insertion was attempted in 147 and was successful in 135 (92%) cases.
Both devices were tolerated well and a clear airway was maintained throughout anaesthesia and emergence. There were few complications with either device. The commonest complication was the presence of blood on the device after removal. This occurred in 15 (9%) patients with the ProSeal and 11 (7%) patients with the classic laryngeal mask airway (Fisher's test, P=0.54). Other complications included two episodes of coughing, laryngospasm and breath-holding during ProSeal insertion. The number of complications occurring during use of the ProSeal was greater than with the classic laryngeal mask airway but the proportions of patients experiencing complications was not signi®cantly different. Complications were generally minor with no sequelae. Complications are listed in Table 5 . A total of nine (5%) patients complained of a sore throat in the recovery area.
Insertion using the introducer tool took 3 s longer (Table 6 ). Other differences between techniques were statistically signi®cant but not clinically important.
The number of patients studied by individual investigators ranged from four to 61. The results from all investigators were in broad agreement, with the exception of one centre.
Two ProSeals failed during sterilization. The cuffs developed leaks where the posterior cuff was bonded to the stem of the device. 
Discussion
The ProSeal is a suitable device for positive pressure ventilation. Insertion was successful in 178 (99%) of the 180 patients within three attempts. Ventilation without audible leakage of gas was possible in 86% of the patients. Seal pressure was consistently greater than with the classic laryngeal mask airway and the difference was both statistically and clinically signi®cant. The ProSeal provided a better seal than the classic laryngeal mask airway in 87% of patients. The ProSeal was positioned over the laryngeal inlet as accurately as the classic laryngeal mask airway and successful passage of a gastric tube via the oesophagus was usually achieved easily. This study was done without the use of neuromuscular blocking drugs. Two sizes of device, 4 and 5, were used. We demonstrated that the median seal pressure with the ProSeal is 12 cm H 2 O greater than with the classic laryngeal mask airway. Two smaller studies of seal pressure in paralysed patients used a size 4 ProSeal only. In one study of 30 patients, the difference in seal pressure was 14 cm H 2 O, 1 while in the second study, with 60 patients, the difference was 10±12 cm H 2 O. 4 Our results underestimate the true difference, as in 21% of cases the seal pressure achieved with the ProSeal exceeded the upper limit we set.
A limitation of the study is that anaesthetic technique was not standardized. However, all patients received the same anaesthetic with the exception of the use of propofol or iso¯urane for maintenance of anaesthesia. ProSeal placement in patients who received volatile anaesthesia took 7 s longer than in those maintained with total intravenous anaesthesia, but the number of insertion attempts, failure rate and the number of complications did not differ signi®cantly.
All investigators took longer to insert the ProSeal than the classic laryngeal mask airway but the absolute time difference was of negligible clinical importance. Investigators required more attempts to insert the ProSeal successfully. Complications were more frequent with the ProSeal but were minor and without sequelae. There was general agreement that the device is more dif®cult to place than the classic laryngeal mask airway. This applied whether the introducer tool or a ®nger was used for insertion. We found no clinically important differences in insertion characteristics whether or not the introducer was used. Previous work in paralysed patients has shown greater success with insertion when the introducer is used 5 but we did not ®nd this. Insertion may be more dif®cult because the device is larger and bulkier than the classic laryngeal mask airway and more mouth opening is needed. During insertion of the ProSeal, there were more complications (including movement, coughing, breath-holding and laryngospasm) than with the classic laryngeal mask. A greater depth of anaesthesia may be needed for insertion of the ProSeal than the classic laryngeal mask airway, but this was not studied speci®cally. When de¯ated, the semirigid distal end of the drain tube forms the leading edge of the ProSeal, which is (17) 28 (16) 3 19 (11) 14 (8) 4 4 (2) 3 (2) c 2 test: P=0.77 ProSeal versus classic laryngeal mask airway more rigid than the leading edge of the classic laryngeal mask airway. These factors may contribute to dif®cult insertion and minor trauma. All investigators were experienced anaesthetists and had inserted a minimum of ®ve ProSeals before starting the trial. Despite this, several investigators needed fewer insertion attempts in the second half of the study than in the ®rst. Whether this indicates that there is a long learning curve is unclear.
All study centres performed equally well, with one exception. In one centre, where fewer than 10% of all cases were studied, the use of the ProSeal (and the classic laryngeal mask airway) was considerably less successful than at the other four centres. Both failures with the ProSeal occurred at this centre and, in comparison with results from the other centres, both the ProSeal and the classic laryngeal mask airway were more frequently poorly placed. Seal pressures were signi®cantly lower at this centre with both the ProSeal and the classic laryngeal mask airway. For both devices, the volume of air used for in¯ation was greater than at the other centres. Careful examination of these outlying results did not reveal an explanation. Minor differences in cuff in¯ation volume do not explain the ®ndings.
The cuffs for all devices were in¯ated to a predetermined pressure (rather than a volume). The ProSeal cuff has a larger volume than that of the classic laryngeal mask airway in vitro.
1 Despite the larger static cuff volume, the difference in volume required to reach target pressure was small. Small increases in the volume of air caused marked increases in intra-cuff pressure. This might be explained by the ProSeal adapting more closely to the shape of the pharynx and larynx, 1 which might account for the improved seal pressure and low compliance during further in¯ation.
Two ProSeals failed in similar fashion. Manufacture of the back cuff is technically demanding. Unlike the cuff of the classic laryngeal mask airway, the ProSeal cuff cannot be made as a single piece of silicone. Silicone joins may lead to device weakness and scrupulous de¯ation of the device is necessary before sterilization. We did not encounter any device failures after adopting this precaution.
The drain tube appeared to be placed optimally in all but one case. Gastric tube insertion was remarkably easy in the majority of cases. On occasions when insertion was not possible, the drain tube appeared to have kinked in the posterior pharynx.
Use of a laryngeal mask airway for positive pressure ventilation is not new but is regarded by some as controversial. The ProSeal provides a more reliable airway than the classic laryngeal mask airway for positive pressure ventilation. The lungs of most healthy patients can be ventilated if the seal pressure exceeds 20 cm H 2 O. In this study, the seal pressure was above this value in 87% of cases with the ProSeal and 41% with the classic laryngeal mask airway. If peak in¯ation pressure exceeds leak pressure, the likelihood of gastric insuf¯ation is increased. In one study, leakage of inspired volume increased from 13% to 25% as peak pressure was increased from 15 to 30 cm H 2 O. 4 Our results suggest that, if a classic laryngeal mask airway is selected for positive pressure ventilation, leakage will occur in more than half of the patients, but that leakage occurs in very few cases with the ProSeal. The risk of aspiration with the classic laryngeal mask airway is probably low 5 6 but remains controversial. 7 8 The ProSeal drain tube allows easy passage of a gastric tube, which enables emptying of the stomach of gas or¯uid. There is evidence from cadavers that the drain tube allows regurgitated¯uid to bypass the larynx even when no gastric tube is in place. 10 Further study is needed to show that the ProSeal will reduce the risk of aspiration of regurgitated matter. Use of the classic laryngeal mask airway is an accepted technique for gynaecological laparoscopy 11 12 and is currently used by up to 60% of UK anaesthetists for this procedure. 13 However, in the same study 89% of anaesthetists still intubated some patients and 35% intubated all patients. Seventeen per cent of laryngeal mask airway users expressed some concern with the technique. The classic laryngeal mask airway is used less widely for upper abdominal laparoscopic surgery, although several reports exist. 14 15 Increased seal pressure and access to drain the stomach are distinct advantages of using the ProSeal for such procedures, but further evaluation is required.
Recent studies show that the classic laryngeal mask airway provides smooth and safe emergence from anaesthesia with less haemodynamic disturbance 16 and fewer respiratory complications 17 compared with emergence with a tracheal tube. For most patients and most operations, these considerations are not critical. However, patients emerging from anaesthesia for neurosurgery, cardiac surgery and open eye surgery bene®t from a smooth recovery. The ProSeal may ®nd a role during such procedures, either as the sole airway or as a secondary airway inserted at the end of surgery before lightening anaesthesia.
There are other potential roles for the ProSeal in the intensive care unit. The classic laryngeal mask airway has been used for short-term ventilatory support 18 19 and for weaning from ventilation. 20 The ProSeal drain tube would allow insertion of a gastric tube to prevent gastric distension and facilitate enteral feeding (although regurgitation cannot be ruled out). The classic laryngeal mask airway is often used for airway maintenance during percutaneous tracheostomy. 21 22 These patients have typically poor lung compliance and the improved laryngeal seal provided by the ProSeal would enable better ventilation during the procedure.
The classic laryngeal mask airway is widely used as a rescue airway in failed intubation. 23 In experienced hands, if lung compliance is reduced or the risk of aspiration is high, the ProSeal could allow more reliable positive pressure ventilation and the ability to drain the stomach, which might have become in¯ated during multiple attempts at bag-valvemask ventilation.
Finally, the ProSeal has potential advantages over the classic laryngeal mask airway during cardiopulmonary resuscitation (CPR). The classic laryngeal mask airway is recommended for airway management during CPR in the current international guidelines. 24 The incidence of regurgitation during CPR when a classic laryngeal mask airway is used as the ®rst airway adjunct is of the order of 3.5%. 25 This could be less with the ProSeal because the improved laryngeal seal should reduce the risk of gastric in¯ation and the drain tube provides an opportunity to empty the stomach. This supposition is entirely untested. Non-anaesthetists are able to place the classic laryngeal mask airway with considerable success 26 but the ProSeal is less easy. Further work is needed to determine whether infrequent users and non-anaesthetists are able to place the ProSeal with the same degree of accuracy before it can be recommended for use in resuscitation.
There might be a temptation to consider the ProSeal as a universal substitute for the tracheal tube. However, on a minority of occasions placement does not allow positive pressure ventilation. Concern about regurgitation also remains and we have not studied this. We have not compared the relative safeties of the ProSeal and the classic laryngeal mask airway. Further data from large studies or widespread clinical use will be needed before these questions can be answered.
In summary, we have shown that the ProSeal provides improved seal pressure for positive pressure ventilation compared with the classic laryngeal mask airway. It also provides an excellent route for insertion of a gastric tube. These bene®ts are at the cost of slightly increased dif®culty in insertion of the ProSeal.
